Accumulating evidence from studies of human-animal interaction highlights the physiological, psychological, and social benefits for older owners of dogs and cats. This longitudinal study examined whether experience of dog/cat ownership protects against incident frailty in a population of community-dwelling older Japanese. Among 7881 non-frail community-dwelling adults aged 65 years or older who completed a mail survey in 2016, 6,197 (mean [SD] age, 73.6 [5.3] years; 53.6% women) were reevaluated in a 2018 follow-up survey. Frailty was assessed with the Kaigo-Yobo Checklist. Incident frailty was defined as a score of four or higher in the follow-up survey. Overall, 870 (14.0%) were current dog/cat owners, 1878 (30.3%) were past owners and 3449 (55.7%) were never owners. During the 2-year follow-up period, 918 (14.8%) developed incident frailty. Mixed-effects logistic regression models showed that the odds ratio for incident frailty among dog/cat owners, as compared with never owners, current owners were 0.87 (95% confidence interval [CI]: 0.69-1.09) and past owner were 0.84 (0.71-0.98), after controlling for important confounders at baseline. In stratified analysis, the risk of incident frailty was lower for past dog owners than for cat owners. Longer experience of caring for a dog requires physical activity and increases time outdoors spent dog walking and thus may have an important role in maintaining physical and social function and reducing frailty risk among older adults.
Dog/cat ownership with incident frailty. During the 2-year follow-up, 918 (14.8%) out of 6197 participants developed incident frailty. Among dog/cat ownership, 13.2% of current owners, 13.4% of past owners and 16.0% of never owners developed incident frailty (chi-square test, P = 0.015). Corresponding values in current, past and never dog owners were 12.5%, 13.2% and 15.7% (chi-square test, P = 0.016), and corresponding values of cat owners were 14.2%, 13.7% and 15.0% (chi-square test, P = 0.632).
The associations of dog/cat ownership with incident frailty are shown in Table 2 . As compared with never dog/ cat owners, current dog/cat owners had 0.90 (95% confidence interval [CI]: 0.72-1.13) times and past owners had 0.85 (0.71-0.99) times as likely to develop incident frailty after controlling for sex and age at baseline. Even after adjustment for comprehensive sociodemographic and health characteristics at baseline, past dog/cat ownership was associated with a significantly lower odds ratio (OR) of incident frailty, 0.84 (0.71-0.98), and current ownership showed no significance (P = 0.237) but lower OR of 0.87. Estimated values (SE) for incident frailty by mixed-effects logistic regression models were −0.17 (0.08) in past dog/cat owners and −0.10 (0.11) in current owners, as compared with never owners.
In stratified analysis, mixed-effects logistic regression models yielded an OR of 0.81 (0.62-1.07) in current dog ownership and 0.82 (0.69-0.99) in past dog ownership for incident frailty, as compared with never owners of dogs, after controlling for important confounders. For cat ownership, current cat owners showed OR of 1.04 (0.76-1.42) and past cat owners showed OR of 0.89 (0.70-1.13), as compared with never cat owners.
Furthermore, we tested the hypothesis that experience of dog ownership may have a key role in maintaining physical and social function and thus might help lower the risk of incident frailty. When physical function (motor fitness scale) and physical activity (exercise habit) were added to the model as potential covariates, ORs were not changed from multivariate-adjusted model, however, 95% confidence interval were wide and there is no significance in the association of experience of dog/cat ownership with incident frailty. When social function (interaction with neighbors) was added to the model, the association of dog/cat ownership with incident frailty was attenuated (OR of current owners was 0.95 and OR of past owners was 0.88).
Discussion
This prospective study of community-dwelling older Japanese showed that, as compared with respondents with no history of dog/cat ownership, those with past ownership had a lower risk and those with current owners had slightly lower risk of incident frailty, even after adjustment for important confounders. In particular, the risk of incident frailty was significantly lower for past dog owners than for cat owners. Our previous cross-sectional study reported that current dog or cat owner tend to be less frailty 16 .
Specific mechanism between dog/cat ownership and incident frailty remains unclear, because this study does not rule out the pet ownership effect completely (e.g., individuals who are already more physically active tend to have a pet). This study added new finding that past dog ownership reduced the risk of subsequent frailty and raises two mechanisms for this effect. First, as a result of dog walking, dog owners are more likely to have daily physical activity and higher physical function. A meta-analysis showed that dog owners walked more and were more physically active than non-dog owners 5 . Dall et al. reported that older dog owners spent 22 more minutes walking and walked 2,670 more steps per day than did non-dog owners. This additional activity satisfies guidelines calling for 150 minutes of moderate physical activity per week 13 . In the present data, past dog/cat owners showed the same high motor fitness scale as current owners. Second, dog ownership might maintain higher social function. Wood et al. suggested that pets affect broader social interactions and perceptions, sense of community, and social capital at the neighborhood level 14 . In this study, we confirmed higher interaction with neighbors, such as significant relationship in past dog/cat owners than current and never owners. Dog owners might have more opportunities to extend their social network by chatting with neighbors while dog walking. Unfortunately, data on years of dog/cat ownership were not available in the present study, past owners may have longer years of ownership. These findings suggest that longer experience of dog ownership may enhance both of physical and social function for owners.
We used models to investigate the association of experience of dog ownership with incident frailty, after controlling for physical function, physical activity, and social function. The association of experience of dog Continued ownership with incident frailty was attenuated when those functions were included in the statistical model, which supports the study hypothesis. Caring for a dog likely increases the owner's physical activity and social network and may thus have an important role in maintaining physical and social function in later life. Higher physical and social function through dog ownership might help reduce subsequent frailty risk among older adults.
This study has strengths that warrant mention. First, our large sample of community-dwelling older Japanese revealed an association of experience of dog/cat ownership with frailty in the general population. The present study is a worthful addition to the field of human-animal interaction, as it enrolled a large sample of community-dwelling older adults, which enabled subgroup analysis of experience of dog and cat ownership. Second, important covariates were included in the analysis, thus enabling analysis of the independent association of experience of dog/cat ownership with incident frailty after controlling for important sociodemographic and health characteristics.
Nevertheless, this study has limitations. First, although data on years of dog/cat ownership and frequency of dog walking were important factor to explore the mechanisms between experience of ownership and frailty, these data were not available for analysis. Future study should compare total years of ownership between current and past owners. Second, previous studies reported several health benefits associated with cat ownership 14, 15 ; however, the present study showed no positive association between experience of cat ownership and incident frailty. The reason for this absence of an effect is unknown, and we hope that future studies will examine associations between cat ownership and frailty in different countries, such as Western populations. Third, we use the data from older adults to consider disadvantages through their pats, specific information such as pet loss 11 , allergy, and zoonosis were not included. Future studies should confirm the association of dog ownership with frailty among older adults who had experienced negative effects by pet ownership. This is the first study to identify an association between experience of dog ownership and incident frailty even after adjustment for important sociodemographic and health characteristics among community-dwelling older adults. Longer experience of caring for a dog likely increases physical activity and time spent outdoors and may therefore have an important role in maintaining physical and social function and reducing frailty risk among older adults. These findings should be helpful in developing health promotion strategies for preventing and reducing frailty among older adults.
Method
Participants. Data for this study were collected as part of a community-wide intervention trial (the Ota Genki Senior Project) in 18 administrative districts of Ota City, Tokyo 27 . Ota City is the southernmost of the 23 special wards of Tokyo. The population was 716,645 and 162,443 were aged 65 years or older on August in 2016. The proportion of elders to the total population was 22.7% 27 . In 2016, we mailed a self-administered questionnaire to 15,500 older residents as a baseline survey; 11,925 questionnaires were returned (response rate 76.9%).
In 2018, we conducted a mail survey in the same area (response rate 74.2%) and collected 10,837 questionnaires. Mean age and percentage of female were almost the same between responders in 2016 and 2018. To be eligible for the study, individuals had to be non-frail and to complete a questionnaire on their experience of dog/ cat ownership in 2016 (n = 7,881). Ultimately, data from 6,197 non-frail community-dwelling adults were followed in 2018. Among participants who were included the study (n = 6,197) and excluded from loss of follow-up (n = 1,684), the differences of dog/cat ownership, sex and age were not significant. All methods according to the Ota Genki Senior Project were carried out in accordance with the relevant guidelines of the Ethical Committee of the Tokyo Metropolitan Institute of Gerontology. We adhered strictly to the Declaration of Helsinki. This study was approved by the Ethical Committee of the Tokyo Metropolitan Institute of Gerontology. A statement attached to the questionnaire explained the purpose of the survey, the voluntary nature of participation, and a promise of anonymity in the analysis. Returning the questionnaire was considered as consent to participate in the study.
Dog/cat ownership.
Participants were asked about their experience living with a pet (current, past, or never). Those with current or past pet experience were asked about pet species in the household (dog, cat, or other).
Incident frailty.
Frailty was defined as a score of four or higher on the Kaigo-Yobo Check-List 15 (CL15, Supplementary information), which had concurrent and predictive validity, and good reliability as a questionnaire-based scale for screening high-risk Japanese older adults 28, 29 . Kojima et al. compared CL15 to Frailty Index in predicting risks of long-term care insurance certification and/or mortality over 3 years 30 . Although CL15 includes smaller numbers of items than Frailty Index, CL15 was shown to be highly correlated with Frailty Index, significant predictors of long-term care insurance certification and/or mortality, and compatible to Frailty Index in the risk prediction 30 .
Other variables. The covariates included frailty-associated sociodemographic and health characteristics, namely, sex, age, household size, marital status, educational attainment, equivalent income, history of chronic diseases, history of hospitalization during the past year, fall during the past year, alcohol drinking, smoking status, food variety, body mass index, exercise habit, interaction with neighbors, frequency of going outdoors, self-rated health, and Geriatric Depression Scale (GDS)-5 score. The chronic diseases evaluated included clinically relevant medical conditions, namely, hypertension, hyperlipidemia, heart disease, stroke, diabetes mellitus, and lung respiratory disease. For each of these conditions, participants were asked if they had received a physician diagnosis (yes or no) 31, 32 . Food variety was assessed by a dietary variety score, which was calculated by using the consumption frequencies for 10 food items (meat, fish/ www.nature.com/scientificreports www.nature.com/scientificreports/ shellfish, eggs, milk, soybean products, green/yellow vegetables, potatoes, fruit, seaweed, and fats/oils) during the week. The score ranges from 0 to 10, and higher scores indicate greater food variety 33 . Participants were classified as having a daily exercise habit if they reported one or more type of daily exercise (i.e., walking, running, weight training, gymnastic exercises, swimming, cycling, yoga, or others). Interaction with neighbors was classified as close relationship, conversation level, exchange of greetings only, and no social contact. GDS-5 is a screening tool to identify symptoms of depression in the older population 34 and higher score indicates the presence of depressive symptoms.
Statistical analyses.
First, associations of baseline demographic and comprehensive health characteristics with experience of dog/cat ownership were tested by using the chi-square test or t-test. Second, we used mixed-effects logistic regression models to examine independent associations of experience of dog/cat ownership with incident frailty, after controlling for potential confounders. The random effects were the study area. Potential confounders were evaluated for collinearity and chosen; sex, age, household size, equivalent income, history of stroke, food variety, GDS-5, alcohol status, and smoking status. In addition, using mixed-effects logistic regression models after controlling for important confounders, we conducted stratified analysis for experience of dog/cat ownership. Statistical analyses were conducted with SPSS (version 23.0; IBM Corp, Armonk, NY, USA) and SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA). A P-value of less than 0.05 was considered to indicate statistical significance.
Data availability
The data of a community-wide intervention trial (Ota Genki Senior Project) in Ota City contains sensitive participant information and cannot be released publicly due to ethicolegal restrictions imposed by the Ethics Committee at Tokyo Metropolitan Institute of Gerontology. The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request. Long-term storaged data is available upon reasonable request to Yu Taniguchi (yu0717@tmig.or.jp) and Satoshi Seino (seino@tmig. or.jp).
